Background & purpose: Although rare, cutaneous lymphomas represent a separate entity in hematologic oncology. T cell origin lymphomas are most common, with Mycosis Fungoides (MF) accounting for about 50-70% of cases. Sezary Syndrome (SS), which represents the leukemic varian of MF, accounts for 3% of Cutaneous T Cell Lymphomas (CTCL). Total Skin Electron Beam Therapy (TSEB) is included at the mainstream of treatment choices for CTCL. The scope of this study is to evaluate the effectiveness and toxicity of two treatment schedules of TSEB. Methods and materials: We report our experience with TSEB in the management of MF and SS, as of 14 patients treated in our institution from 2011 to 2015. 8 patients received the 12 Gy (low dose) scheme while 6 patients were managed with 36 Gy (standard or full dose scheme) according to six dual field Stanford technique. The endpoints were overall response rate, duration of response and toxicity of treatment. Results: After a median follow up of 2.5 years we noted excellent treatment outcome, with both schemes being well tolerated and resulting in comparable response rates. The overall response rate for both treatment regimens was over 87.5%. Treatment was well tolerated with mild toxicity. Conclusion: The role of TSEB in the management of MF and SS is well established. The low dose TSEB schedule of 12 Gy is an effective treatment option, since therapeutic results are more than acceptable, compliance is excellent and toxicity is minimal. Moreover, the evidence that it can be repeated safely makes it more attractive than the standard 36 Gy scheme, when a patient is referred to radiation treatment according to treatment guidelines.
Introduction
Cutaneous T cell lymphomas (CTCL) represent a rare but separate entity in hematologic oncology. Accounting for about 4 percent of Non-Hodgkin Lymphomas (NHL), cutaneous lymphomas are a group of disorders characterized by their epidermotropic behavior, primarily affecting the skin. Mycosis fungoides (MF) and Sezary syndrome (SS) are the most common types of primary cutaneous T-cell lymphomas, with an incidence rate of approximately 4-6 new cases per million people [1, 2] .
Their dominant characteristic is the epidermotropic behavior of T cells affecting primary skin. MF is characterized by patches, plaques and in more advanced stages by tumorous lesions and visceral involvement while SS is primarily characterized by general erythema with blood involvement. The history of disease varies from the indolent long history of MF to the poor prognosis of SS [2, 3] .
Several studies have demonstrated that the main prognostic factor of MF is stage at presentation, while large cell transformation, folliculotropic type and levels of lactate dehydrogenase (LDH) are also of prognostic significance [3] . 
Patients and methods

Study cohort
We prospectively analyzed the therapeutic results and toxicity of TSEB in 14 patients treated in our institution from 2011 until 2015. Patients were diagnosed with MF or SS and initially staged IB to IV after clinical evaluation according to International Society for Cutaneous Lymphomas/European Organization for Research and Treatment of Cancer (ISCL/EORTC) criteria [4] . 6 patients were treated with the full or standard dose scheme of 36 Gy while 8 patients were managed with the low dose scheme of 12 Gy.
Patients included in our study had failed to at least one prior therapy, skin directed and/or systemic and had good performance status of ECOG 2 or lower. Patients were assessed weekly during treatment, every two months for the next 6 months and every 3 months thereafter. The primary endpoint was response to treatment defined as complete response (CR) with no visible lesions, partial response (PR) with remission in skin lesions of at least 50% from baseline or no response (NR). The secondary endpoints were: duration of response in patients with CR or PR, duration of clinical benefit (DCB) defined as the duration from initial response until the initiation of any other systemic treatment, Overall Survival (OS) and finally acute and chronic toxicity of treatment. Assessment was performed according to the consensus statement for the clinical end points and response criteria of the International Society for Cutaneous Lymphomas (ISCL), the United States Cutaneous Lymphoma Consortium (USCLC), and the Cutaneous Lymphoma Task Force of the European Organization for Research and Treatment of Cancer (EORTC) using mSwat score to assess skin disease burden [5, 6] . The recorded toxicity was assessed according to Common Terminology Criteria for Adverse Events v.4.0 [7] All our patients were referred and assessed by a team of experts in a multidisciplinary approach in terms of a local tumor board, including a hematologist, dermatologist and a radiation oncologist [8] .
TSEB technique
All patients were treated at ATTIKON University Hospital of Athens. The implemented technique was ''six-dual-field" technique introduced and developed originally at Sanford University and in accordance to the described procedure in AAPM (American Association of Physicists in Medicine) Report No 23 [9, 10] . The implementation of TSEB technique at our institution begun in 2009 and was described in detail in relative, previous publications [11, 12] . We used a uniform and sufficient large field of 200 to 80 cm. The SSD was set to 3.8 m and treatment was delivered via symmetrical electron beams of 6 MeV energy via a Varian 2100C linac accelerator. Patients received either 36 Gy with fractions of 2 Gy/cycle over 9 weeks or 12 Gy of 2 Gy/cycle over a period of 3 weeks. Boost or supplemented radiation dose via electron fields was administered to tumorous or underdosed sites. The most frequent site of underdosage after TLD dosimetry was found to be the perineum region, a frequent site of underdosage according to data from other studies [13] .
Results
Patient characteristics
We prospectively analyzed the therapeutic results and toxicity of TSEB in 14 patients treated in our institution from 2011 until 2015. Patients were randomly assigned to either 36 Gy or 12 Gy of TSEB by using a random number generator software (odd for the first scheme and even for the second scheme). 6 patients were treated with the standard dose scheme of 36 Gy while 8 patients were managed with the low dose scheme of 12 Gy. All patients completed treatment schedule without interruptions. Median age was 64 years (52-76). 9 patients were male and 5 females. 11 patients were diagnosed with MF and 3 patients with SS. MF patients were clinically staged as follows: 2 patients stage IB, 1 stage IIA, 5 stage IIB and 3 stage IIIA. Median duration of follow up was 33 months (5-61 months). Patients' characteristics are summarized in Table 1 .
Therapeutic results
Both schemes showed excellent overall response rate: 100% for the 36 Gy group and 87.5% for the 12 Gy group. For the group of patients received 36 Gy, 4 experienced complete response (67%) and the rest 2 partial response (33%). For the low dose scheme of 12 Gy, 2 patients showed complete response (25%), 5 partial (62.5%) while one patient did not respond to treatment.
For the low dose scheme 2 patients showed CR (stage IB), 5 patients showed PR (1 patient stage IIA, 2 patients stage IIB, 1 patient stage IIIA, 1 patient with SS) and 1 patient showed no response (stage IIIA). For the full dose scheme 4 patients showed CR (2 patients stage IIB, 1 patient IIIA, 1 patient with SS) while 2 patients (1 stage IIIA and 1 with SS) showed PR. Response rate by stage is summarized in Table 2 . Representative photos of a patient treated with low dose TSEB with response to treatment are shown in Figs. 1a, 1b.
The duration of response, which was the secondary endpoint of our study, did not differ significantly between the two groups. The median duration of overall response rate was 10.5 months for the 36 Gy group and 9.25 months for the scheme of 12 Gy.
As far as DCB defined as the time interval from TSEB treatment to the initiation of any other treatment either skin directed or systemic our results where slightly improved as the median duration of response was 11.5 months for the full dose scheme and 10.1 months for the low dose scheme.
For the entire cohort group, low dose TSEB was repeated in one patient 13 months after completion of first treatment course due to relapse. Patient had been treated initially with the low dose scheme. The toxicity recorded during the second course was more profound with alopecia and generalized erythema.
Toxicity of treatment
The recorded toxicity was mild for the entire cohort, except one case of Grade 3 erythema in the 36 Gy group. Two patients developed limb edema and 3 patients blisters in low extremities, all in the 36 Gy scheme group of patients. Four patients in the 12 Gy group experienced reversible alopecia while all patients who received 36 Gy developed permanent hair loss. No skin infections were recorded. Table 3 summarizes the recorded toxicity, according to Common Terminology Criteria for Adverse Events v4.03.
Discussion
From the previous century and very early after the introduction of X-rays, researchers have documented the effectiveness of radiation to skin lesions relative to cutaneous lymphomas. Radiation treatment with TSEB technique is among the many skin directed treatment options for the disease. Due mostly to the high radiosensitivity of lymphoma cells it is well established that radiation therapy is the single most efficient treatment modality in the management of MF [14] . It takes advantage of special characteristics of particle radiation by electrons that can deliver therapeutic dose to patient's skin without damaging subjacent healthy organs.
Several studies have demonstrated that there is a dose response relationship between doses of TSEB and response rates. Doses in the region of 30-36 Gy are more efficacious in the management of MF by means of achieving complete response (CR) rates up to 90%. Data from the University of Stanford showed this exact dose response relationship: CR was 18% for doses less than 10 Gy, 55% for doses between 10 and 20 Gy, 75% for doses between 25 and 30 Gy and 94% for doses of 30 Gy or greater. Duration of response was also another parameter that showed a direct relationship to administered dose as patients receiving more than 25 Gy remained disease free longer time compared with those that were treated with doses less than 25 Gy [15] .
A meta analysis confirmed previous results and showed that CR rates are associated with stage of disease, energy of the electron beam and total dose at skin surface area. The CR rates were 96% in stages IA, IB, and IIA, 36% in stage IIB, and 60% in stage II with doses of 32-36 Gy [16] . The consensus guidelines from the EORTC are in accordance with these data and suggest that optimal dose of TSEB for the management of MF should be in the range of 30-36 Gy [17] .
Unfortunately, the main issue in the management of MF is that despite the proven effectiveness of radiation therapy even with doses in the range of 30-36 Gy, the disease regress and one of the main goals of treatment is the prolongation of the overall response duration time. To address this issue, several agents either topical or systemic have been employed as maintenance treatment but even so, recurrence is the rule in the natural course of the disease [18] [19] [20] . New treatment strategies with combination agents like vorinostat, are under investigation some of them in welldesigned randomized trials but mature data are still lacking [21] . Taking into consideration both the natural course of the disease and its high radio-sensitivity, many investigators examined lower treatment regimens in order to evaluate the therapeutic effectiveness of lower doses of TSEB that could probably be repeated in case of progression or relapse. Recent data suggest that doses lower than standard full dose scheme can achieve acceptable and comparable treatment results.
In the pooled analysis from Hoppe et al. 33 patients with MF were managed with 12 Gy of 1 Gy per fraction over a period of 3 weeks. They reported excellent and durable overall response rates of 88% with mild toxicity. They concluded that although a higher CR rate may be preferable, the low dose scheme is of considerable benefit as: it achieves a significant reduction in the mSWAT score (median 93.5% from baseline), it is short (3 weeks), is less toxic than the standard scheme and can be repeated safely more than one times [22] .
A study from Denmark by Kamstrup et al. evaluated the low dose TSEB by means of overall response rate, complete response or very good partial response rate and duration of response. 21 patients were treated with 10 Gy over a short period of time (2.5 weeks). After a median follow up of 15.7 months the authors reported 95% overall response rate and nearly 60% of complete or very good partial response. The median duration of response was 6 months. Given the fact that the 10 Gy regimen is very safe and can be repeated more than two times in conjunction with the long natural history of disease with the need of multiple treatments during a life time, they concluded that low dose TSEB offers the benefit of re-irradiation at times of relapse or progression [23] .
In a very recent study from UK cutaneous lymphoma group by Morris et al, the results of low dose TSEB over 2 weeks in 103 patients with MF were documented after a median follow up of 20.6 months. They reported excellent overall response rate of 87% (18% complete response rate and 69% partial response). Median response duration was 11.8 months while PFS was 13.2 months. They concluded that low dose TSEB is well tolerated with lower toxicity than higher dose treatment schedules [24] .
Finally, a recent study from Germany conducted a comparative analysis for the toxicity profile of low dose TSEB compared to 
conventional doses. They recorded statistically significant lower Grade 2 toxicity (33 vs. 79%) and lower Grade 3 events (6 vs. 15%) for patients treated with the low dose scheme of 12 Gy [25] . Following previous publications reporting on clinical applications of TSEB, our study also evaluated the effectiveness and toxicity of low dose scheme compared to the standard dose of 36 Gy [26] [27] [28] . Even with the very small cohort of 14 patients we demonstrated that the overall response rate for both treatment schedules was excellent (93%). The 36 Gy scheme resulted in a very good complete response rate of 67% while the rate of complete responders for the 12 Gy regimen was as expected lower (25%). The toxicity was minimal as Grade 3 events occurred only in one patient received 36 Gy (7% for the entire cohort).
Further analysis of the 12 Gy group of patients, which was an interesting topic as low dose TSEB is gaining more and more attention due to the reasons mentioned above, showed that our results were in accordance with the data from relevant literature. Although the rate of complete response was 25%, the overall response rate was 87.5% as 7 out of 8 patients showed improvement in skin disease burden according to mSwat evaluation and symptom relief. The overall response rate recorded in the studies of Hoppe et al., Kamstrup et al. and the UK study were 88%, 95% and 87% respectively [23] [24] [25] .
Several other recent studies have evaluated the emerging role of low dose TSEB in the management of MF and have showed comparable results to those from the previously mentioned studies [29] [30] [31] .
It seems that the aspect of assigning 12 Gy TSEB remains a clinical decision related to the potential need of re-irradiation. According to our opinion the radiation oncologist should prescribe the low dose scheme which seems equivalent and reevaluate the need for 36 Gy in cases of disease that seems not clinically responsive during the administration of low dose scheme. Eventually the therapeutic decision should be individualized.
Conclusions
The role of TSEB in the management of MF and SS is well established. The low dose TSEB schedule of 12 Gy is an effective treatment option, since therapeutic results are more than acceptable, compliance is excellent and toxicity is minimal. The fact that it can be repeated safely makes it more attractive than the standard 36 Gy scheme when a patient is referred to radiation treatment according to treatment guidelines.
